ABSTRACT
D
IASTOLIC dysfunction often occurs in patients undergoing surgery for coronary artery disease. 1, 2 This dysfunction is related to abnormal left ventricular (LV) relaxation and filling during diastole, resulting in increased LV filling pressure and impairment of the ability of the heart to handle varying loading conditions. 3 Although increased LV filling pressure has been associated with higher morbidity and mortality after acute coronary syndrome 4, 5 and cardiac surgery, 2, 6, 7 the prognostic implications of preoperatively increased LV filling pressure in patients undergoing coronary artery bypass surgery remain unclear.
During off-pump coronary artery bypass surgery (OPCAB), temporary occlusion of the coronary arteries during coronary anastomosis and displacement of the heart to expose the grafting site result in transient regional ischemia and hemodynamic deterioration. 8, 9 Because these hemodynamic consequences are caused primarily by impaired filling and diastolic dysfunction of the right and left ventricles, 8, 10 preexisting increased LV filling pressure may further aggra-vate intraoperative hemodynamic instability, resulting in poorer outcomes after surgery. 6 Several echocardiographic indices, including transmitral flow patterns and deceleration time of early transmitral flow, are widely used for the noninvasive assessment of LV filling pressures. 11 Of these indices, the ratio of early transmitral flow velocity to early diastolic mitral annulus velocity (E/eЈ) has been shown to be the most accurate and relatively preload-independent noninvasive predictor of increased LV filling pressure. 12 This ratio has shown excellent reproducibility, with an E/eЈ Ͼ15 found to be the best Doppler predictor of increased mean LV diastolic pressure and pulmonary artery wedge pressure. 12, 13 In addition, an E/eЈ Ͼ15 is a powerful predictor of poor survival after acute coronary syndrome and unoperated severe aortic stenosis 4, 5, 14 and is associated with significant hemodynamic derangement during grafting in OPCAB despite well-preserved LV systolic function. 6 We therefore hypothesized that increased LV filling pressure, determined by a preoperative increased E/eЈ (more than 15) , would be associated with adverse outcomes after OPCAB. To test this hypothesis, we conducted an observational study to examine the relationship between preoperative E/eЈ and the frequency of postoperative major adverse cardiac events (MACE) in patients undergoing OPCAB.
Materials and Methods

Study Population
This observational study, which was approved by our institutional ethics committee/review board (Seoul, Korea), included patients who had undergone primary OPCAB at a single institution between January 1, 2006, and September 30, 2009 , and who had undergone both Doppler assessment of transmitral flow velocities and Doppler tissue imaging of the medial mitral valve annulus within 1 month before surgery. Patients who underwent emergency surgery or concomitant valvular or aortic surgery, and those who participated in another trial during that period were excluded, as were patients with grade Ն2/4 mitral regurgitation on echocardiography, those with a preoperative inotrope, intraaortic balloon pump or ventricular assist device support, and those with atrial fibrillation.
Clinical and Echocardiographic Data
Clinical data for all patients, including demographic data, comorbidities, laboratory data, medication use, anesthetic management, surgical techniques, postoperative management, and morbidity and mortality, were obtained from the Asan Medical Center Coronary Artery Bypass Surgery and Anesthesia Database and from a retrospective review of the computerized patient record system (Asan Medical Center Information System Electronic Medical Record). The Asan Medical Center Coronary Artery Bypass Surgery and Anesthesia Database was initiated in 2006 to provide continuous assessment and improvement of quality of care for all patients who undergo coronary artery bypass surgery at Asan Medical Center. This database contains comprehensive information on more than 100 variables, including demographic, clinical, laboratory, intraoperative, and outcome variables, collected prospectively by a research nurse who reviewed each patient's computerized medical records.
Transthoracic echocardiography was performed by experienced sonographers and reported by staff cardiologists with advanced training in echocardiography. Comprehensive two-dimensional and Doppler echocardiography, including Doppler tissue imaging, were performed using a HewlettPackard Sonos 2500 or 5500 imaging system equipped with a 2.5 MHz transducer (Hewlett-Packard, Andover, MA). LV end-systolic and end-diastolic volume and left ventricular ejection fraction (LVEF) were calculated by the biplane Simpson method. 15 Early transmitral inflow velocity (E), early deceleration time, and late transmitral inflow velocity were determined using conventional pulsed-wave Doppler echocardiography in the apical four-chamber view with 4-mm sample volume. Early diastolic mitral annular velocity (eЈ) was determined by pulsed wave Doppler tissue imaging from the same view, using a 4-mm sample volume located at the septal side of mitral annulus, and E/eЈ ratio was acquired. Systolic pulmonary artery pressure was estimated as the sum of the right ventricular to right atrial pressure gradient during systole and the right atrial pressure, assigned a fixed value of 10 mmHg in this study. The right ventricular to right atrial peak systolic pressure gradient was estimated from the tricuspid regurgitation velocity by the modified Bernoulli equation. 16 Wall motion was assessed semiquantitatively by an experienced observer using a 16-segment, 4-point scale model of the LV, where 1 indicated normal motion; 2 indicated hypokinesia; 3 indicated akinesia; and 4 indicated dyskinesia. 15 Wall motion score index was assessed as the ratio between the sum of scores and the number of visualized segments.
As an E/eЈ ratio more than 15 is usually considered indicative of increased LV filling pressure, 12, 17 we performed analyses using this cutoff.
Intraoperative and Postoperative Management
General anesthesia was induced with a bolus IV injection of 0.2 mg/kg etomidate followed by 0.8 mg/kg rocuronium to facilitate orotracheal intubation and a continuous infusion of remifentanil and propofol using a target controlled infusion pump (Orchestra Base Primea; Fresenius Kabi, Brezins, France). During the surgery, anesthesia was maintained with a continuous infusion of remifentanil and propofol, both of which were stopped at the end of surgery. Core temperature was kept above 36.0°C using a forced-air warming system. To maintain cardiac preload, intravascular volume was replaced with 0.9% saline or 6% hydroxyethyl starch 130/0.4 (Voluven, Fresenius-Kabi, Bad Homburg, Germany). An agent such as phenylephrine, dopamine, or norepinephrine was administered when mean arterial pressure and/or cardiac index decreased despite optimization of circulating blood volume. Packed erythrocytes were transfused when hemoglobin concentration was less than 8 g/dL. A cell salvage device (AUTOLOG, Medtronic Inc, Minneapolis, MN) was used in all patients, and salvaged blood was reinfused before the end of surgery. Heparin was administered at a dose of 150 IU/kg to achieve a target activated clotting time of 250 -350 s before dissection of the internal mammary artery. Activated clotting time assessments were repeated every 30 min, with heparin added as required. On completion of all anastomoses, protamine was administered to reverse the effects of heparin and return the activated clotting time to preoperative levels. From the time of incision to chest closure, all patients received a continuous intravenous infusion of isosorbide dinitrate and a calcium channel blocker such as diltiazem.
Surgical procedures were performed by five experienced academic surgeons similarly competent in OPCAB surgery. Median sternotomy was performed in all patients. A commercially available stabilizing system (Guidant, Santa Clara, CA or Medtronic OPCAB system, Minneapolis, MN) was used to facilitate coronary anastomosis, and carbon dioxide was insufflated to enhance visualization during surgery. Whenever possible, the left internal thoracic artery was preferentially used to graft the left anterior descending artery and an intracoronary shunt was inserted into the coronary artery for each anastomosis, which was 1.5-2.5 mm in size according to the coronary artery lumens. Coronary artery bypass was achieved with either arterial or saphenous vein grafts, with complete myocardial revascularization being the primary surgical goal for each patient.
After surgery, all patients were transferred to the intensive care unit (ICU) and were ventilated with 60% O 2 in air with volume-controlled ventilation and a tidal volume of 10 ml/kg with 5 cm H 2 O of positive end-expiratory pressure. The fractional inspired oxygen tension and respiratory rate of the ventilator were adjusted according to the results of blood gas analysis to maintain partial pressure of alveolar oxygen (PaO 2 ) between 80 and 100 mmHg and partial pressure of alveolar carbon dioxide (PaCO 2 ) between 35 and 40 mmHg. Patients were extubated when their hemodynamics were stable, there was no excessive bleeding (Ͻ100 ml/h), temperature was Ͼ36°C, they breathed spontaneously, and their blood gases were adequate (PaO 2 Ͼ80 mmHg and PaCO 2 Ͻ45 mmHg). Fluid management consisted of infusion of 5% dextrose with additional colloid solution or blood to maintain normovolemia and hemoglobin more than 9 g/dL and to correct blood coagulation. Electrolyte imbalances were promptly treated to within the normal ranges. Inotropic and vasopressor agents were used as necessary to maintain hemodynamics within the normal ranges. Patients were discharged from the ICU to the general ward when their clinical status became stabilized and further ICU monitoring and care were not required.
Clinical Outcome and Follow-up
Nonfatal major adverse cardiac events and death were recorded postoperatively during in-hospital stay and within 1 yr after surgery. Data were obtained until September 2010 during annual visits to the outpatient clinic and by a detailed review of all medical records or by telephone interviews. The last evaluation of patient survival status was performed in September 2010.
The primary endpoint of the study was the occurrence of MACE at 30 days and within 12 months after surgery because expected incidence for a single adverse cardiac event in our population is low. MACE was defined as the composite outcome of any one or more of the following: death, myocardial infarction, malignant ventricular arrhythmia, cardiac dysfunction, or need for new revascularization. A patient experiencing more than one single event was counted only once in the composite outcome.
Mortality was defined as death from any cause within 12 months of primary OPCAB surgery. Myocardial infarction was defined as increases in cardiac biomarkers (troponin I or creatinine kinase-MB) to more than five times the normal reference range, plus either new pathologic Q wave or new left bundle branch block, angiographically documented new graft or native coronary artery occlusion, or imaging evidence of new loss of viable myocardium during the first 72 h after OPCAB, and as increases of cardiac biomarkers with Ն1, together with either symptoms of ischemia, new ischemic electrocardiographic changes, or imaging evidence of new loss of myocardium within 12 months after surgery. 18 Malignant ventricular arrhythmia was defined as sustained ventricular tachycardia or fibrillation that occurred during the postoperative period and/or within 12 months after surgery. Sustained ventricular tachycardia was defined as consecutive premature ventricular contractions at a rate of more than 100/min, were sustained for more than 30 s and required treatment with cardioversion or antiarrhythmic agents. Ventricular fibrillation was defined by its characteristic electrocardiographic appearance. Cardiac dysfunction was defined as hemodynamic instability requiring conversion to cardiopulmonary bypass during surgery or new placement of an intraaortic balloon pump or ventricular assist device during the intraoperative or postoperative period and as clinical signs of congestive heart failure (fluid retention, oliguria, basilar rales, and persistent chest infiltration requiring diuretic agents) requiring rehospitalization within 12 months of surgery. The need for new revascularization was defined as coronary artery bypass grafting or percutaneous coronary intervention within 12 months of surgery. The presence or absence of MACE was judged by two experts who were blinded to echocardiographic data. In the case of disagreement, a third blinded expert participated in a discussion with the first two, and a consensus was reached.
For validation of complete follow-up data regarding mortality, information about vital status, dates, and causes of death were obtained from the National Population Registry of the Korea National Statistical Office using a unique personal identification number for each patient.
Statistical Analysis
Categorical variables are presented as frequencies and percentages, and continuous variables as mean Ϯ SD or medians with ranges. Between-group differences in baseline clinical and surgical characteristics and postoperative outcomes were compared using independent Student t test or the Mann-Whitney ranksum U test for continuous variables and the chi-square test or Fisher exact test for categorical variables, as appropriate. 
Data are expressed as number of patients (%), mean Ϯ SD, or median ͓first-third quartiles͔. * C-reactive protein, deceleration time, E/A ratio, and systolic pulmonary artery pressure were available only in 1,001 (95.5%), 1,017 (97%), 1,030 (98.3%), and 825 (78.7%) patients, respectively. ACEI ϭ angiotensin-converting enzyme inhibitor; ARB ϭ angiotensin receptor blocker; BMI ϭ body mass index; CCB ϭ calcium channel blocker; COPD ϭ chronic obstructive pulmonary disease; E/A ratio ϭ ratio of early to atrial inflow velocity; E/eЈ ϭ ratio of early transmitral flow velocity to early diastolic mitral annulus velocity; EuroSCORE (L) ϭ logistic European System for Cardiac Operative Risk Evaluation; LA ϭ left atrium; LV ϭ left ventricle; LVEF ϭ left ventricle ejection fraction; MI ϭ myocardial infarction; p-e ϭ packed erythrocyte; PTCA c stent ϭ percutaneous transluminal catheter angioplasty with stent insertion; sPAP ϭ systolic pulmonary artery pressure. Between-group differences in 30-day and 1-yr outcomes were analyzed in all patients as well as in subgroups according to LVEF (a priori). Univariate and multivariable logistic regression analyses were performed to evaluate the effects of E/eЈ ratio on 30-day MACE. All variables in table 1 were tested and variables with a P value Յ0.10 in univariate analyses (i.e., age, sex, body mass index, smoking, hypercholesterolemia, peripheral vascular disease, renal dysfunction, EuroSCORE, left main disease, preoperative serum albumin level, LVEF, left atrial size, LV end-systolic volume, systolic pulmonary artery pressure, wall motion score index, use of angiotensin-converting enzyme inhibitors and/or angiotensin receptor blockers, use of ␤-blockers, number of grafted vessels, and surgery time) were included in the multivariable logistic model. Because history of congestive heart failure is a risk factor for perioperative morbidity and mortality, it was forced into the final model. A backward elimination process was used to develop the final multivariable model, and adjusted odds ratios (ORs) with 95% CIs were calculated.
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In addition, multivariate Cox proportional hazards regression models were used to estimate adjusted hazard ratios for the association between E/eЈ ratio and 1-yr MACE. Potential independent predictors of outcome were identified by univariate analyses. LV dysfunction categories and some important risk covariates (age, sex, body mass index, smoking, hypercholesterolemia, peripheral vascular disease, renal dysfunction, EuroSCORE, left main disease, preoperative serum albumin level, LVEF, left atrial size, systolic pulmonary artery pressure, wall motion score index, use of ␤-blockers, and number of grafted vessels), which were significantly (P Յ 0.10) associated with 1-yr MACE on univariate analysis, were candidates for the multivariable Cox proportional hazards models. History of congestive heart failure was also forced into the final model. A backward elimination process was used to develop the final multivariable model, and adjusted hazard ratios with 95% CIs were calculated. The proportional hazards assumption was confirmed by testing of partial (Schoenfeld) residuals, and no relevant violation were found. Cumulative MACE free 1-yr survival was calculated by the Kaplan-Meier method, and differences between curves were compared using the log-rank test.
To decrease the effect of potential confounding in this observational study, we also rigorously adjusted for significant differences in patient characteristics by using weighted logistic regression models and weighted Cox proportional hazards regression models with the inverse probability of treatment weighting. 19 Weights for patients with E/eЈ ratio more than 15 were the inverse of 1-propensity score, and weights for patients with E/eЈ ratio Յ15 were the inverse of propensity score. All propensity scores were estimated without regard to outcomes, using multiple logistic regression analysis. A full model included all variables in table 1. Model discrimination was assessed using the C statistic, and model calibration was evaluated using Hosmer-Lemeshow statistics. In overall data, the model was well calibrated (Hosmer-Lemeshow test; P ϭ 0.30) with reasonable discrimination (C statistic ϭ 0.93).
All reported P values are two-sided, and values of P Ͻ 0.05 were considered statistically significant. Data manipulation and statistical analyses were performed using SAS Version 9.1 (SAS Institute Inc., Cary, NC).
Results
A total of 1,132 patients underwent OPCAB during the 45-month study period. After excluding patients without preoperative E/eЈ ratio data (n ϭ 21), or who met any of the exclusion criteria (n ϭ 63), we included data from the remaining 1,048 patients ( fig. 1 ). These 1,048 patients consisted of 790 men (75%) and 258 women (25%) with a mean age of 63.5 Ϯ 11.0 yr. Preoperative echocardiograms were obtained a mean 6.6 Ϯ 5.3 days before surgery.
The baseline demographic, echocardiographic, and clinical characteristics of the study population categorized according to E/eЈ ratio are shown in table 1. Of the 1,048 patients, 304 (29%) had an E/eЈ ratio more than 15. These patients were older, more likely to be female, and had higher EuroSCORE than patients with an E/eЈ ratio Յ15. Patients with an E/eЈ ratio more than 15 were also more likely to have histories of diabetes, hypertension, cerebrovascular disease, and renal dysfunction. Compared with patients having an E/eЈ ratio Յ15, those with an E/eЈ ratio more than 15 were more likely to have a lower LVEF and a larger left atrial size, LV mass index, and LV end systolic and diastolic volume as well as higher systolic pulmonary artery pressure and wall motion score index. However, these differences, although statistically significant, were clinically irrelevant.
Postoperative outcomes are shown in table 2. Postoperative extubation time, ICU stay, and hospital stay were longer in patients with an E/eЈ ratio more than 15 than in those with an E/eЈ ratio Յ15. After 30 days, 80 patients (7.6%) had MACE, including 11 who died, 58 who had myocardial infarction, 10 who had malignant ventricular arrhythmia, 11 who had cardiac dysfunction, and 7 who needed new revas- cularization. In total, MACE occurred within 30 days in 43 patients (5.8%) with an E/eЈ ratio Յ15 and in 37 patients (12.2%) with an E/eЈ ratio more than 15 (table 3) . Multivariable logistic regression analyses demonstrated that an E/eЈ ratio more than 15 was independently associated with 30-day MACE (OR 2.4; 95% CI 1.4 -3.9; P ϭ 0.001).
Other risk factors associated with 30-day MACE were body mass index (OR 0.9; 95% CI 0.8 -0.9; P ϭ 0.011), current smoking (OR 2.7; 95% CI 1.5-4.9; P ϭ 0.001), left main disease (OR 2.7; 95% CI 1.6 -4.5, P ϭ 0.001), preoperative treatment with ␤-blockers (OR 2.3; 95% CI 1.3-4.0; P ϭ 0.005), number of grafted vessels (OR 0.5; 95% CI 0.4 -0.7; P Ͻ 0.001), and operation time (OR 1.01; 95% CI 1.004 -1.010; P Ͻ 0.001). At 1-yr follow up, 100 patients (9.5%) had MACE, including 21 who died, 65 who had myocardial infarction, 14 who had cardiac dysfunction, and 12 who required revascularization. In total, 1-yr MACE occurred in 55 patients (7.4%) with an E/eЈ ratio Յ15 and 45 patients (14.8%) with an E/eЈ ratio more than 15. Multivariable Cox proportional hazards regression analyses demonstrated that an E/eЈ ratio more than 15 was independently associated with 1-yr MACE (HR 2.1; 95% CI 1.4 -3.1; P ϭ 0.001). Other risk factors associated with 1-yr MACE were peripheral vascular disease (HR 2.8; 95% CI 1.4 -5.7; P ϭ 0.005), left main disease (HR 2.2; 95% CI 1.5-3.4; P ϭ 0.001), and number of grafted vessels (HR 0.7; 95% CI 0.6 -0.9; P ϭ 0.001).
After inverse probability of treatment weighting adjustment, patients with E/eЈ ratio more than 15 continued to have significantly higher 30-day (OR 1.9; 95% CI 1.1-3.1; P ϭ 0.015) and 1-yr (HR 1.9; 95% CI 1.2-3.2; P ϭ 0.013) risks of MACE.
To determine whether these effects were due to abnormal LV systolic function, we separately assessed the prognostic effects of E/eЈ ratio in patients with preserved (LVEF Ն50%) and reduced (LVEF less than 50%) LV systolic function. An E/eЈ ratio more than 15 was independently related to both 30-day and 1-yr MACE, both in patients with LVEF Ն50% and less than 50% (table 3) . Other risk factors associated with 30-day MACE in patients with preserved LV systolic function were left main disease (OR 2.6; 95% CI 1.5-4.7; P ϭ 0.001), preoperative treatment with ␤-blockers (OR 2.3; 95% CI 1.2-4.5; P ϭ 0.016), and number of grafted vessels (OR 0.7; 95% CI 0.5-0.9; P ϭ 0.004). Other risk factors associated with 30-day MACE in patients with reduced LV systolic function were current smoking (OR 6.6; 95% CI 1.5-27.9; P ϭ 0.011), left main disease (OR 5.2; 95% CI 1.6 -17.3, P ϭ 0.007), peripheral vascular disease (OR 9.3; 95% CI 1.4 -62.5; P ϭ 0.021), intraoperative transfusion of packed erythrocytes (OR 1.6; 95% CI 1.1-2.5; P ϭ 0.027), and longer operation time (OR 1.01; 95% CI 1.003-1.016; P ϭ 0.003). In addition to E/eЈ ratio more than 15, other risk factors associated with 1-yr MACE in patients with preserved LV systolic function were peripheral vascular disease (HR 3.4; 95% CI 1.5-8.1; P ϭ 0.004) and left main disease (HR 2.3; 95% CI 1.4 -3.8; P ϭ 0.001), and other risk factors associated with 1-yr MACE in patients with reduced LV systolic function were current smoking (HR 3.8; 95% CI 1.4 -10.0; P ϭ 0.007), peripheral vascular disease (HR 4.0; 95% CI 1.1-14.1; P ϭ 0.032), and left main disease (HR 2.7; 95% CI 1.1-6.4; P ϭ 0.025).
The 1-yr MACE free survival rate was significantly decreased in patients with E/eЈ Ͼ15 than with E/eЈ Յ15, both in patients with LVEF Ն50% (P ϭ 0.024) and LVEF less than 50% (P ϭ 0.007) (fig. 2) . Data are expressed as number of patients (%), mean Ϯ SD, or median ͓first-third quartiles͔. E/eЈ ϭ ratio of early transmitral flow velocity to early diastolic mitral annulus velocity; ICU ϭ intensive care unit; MI ϭ myocardial infarction.
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Discussion
This large observational study showed that increased preoperative LV filling pressure, defined as E/eЈ Ͼ15, was associated with increased risks of 30-day and 1-yr MACE after OPCAB. Increased LV filling pressure has been shown to be an independent risk factor for cardiovascular complications after major cardiovascular and vascular surgery. 2,6,20 -24 Although LV filling pressure can be measured by placing a catheter in the LV (LV end-diastolic pressure) or pulmonary artery (pulmonary capillary wedge pressure), this invasive approach is not suitable for daily clinical practice. Doppler echocardiography is an established and widely available method for assessing LV filling pressure. 11 Although conventional Doppler techniques, including measurements of transmitral flow velocities and deceleration time of early transmitral flow, have been widely used for the noninvasive assessment of LV diastolic filling patterns, these measurements are greatly affected by loading conditions, heart rate, and rhythm disturbances. 25 ,26 E/eЈ has been shown to be a good approximation of LV filling pressure under various conditions, including sinus tachycardia, preserved or depressed LV systolic function, mitral regurgitation secondary to ischemic or dilated cardiomyopathy, and LV hypertrophy. 11, 12, [27] [28] [29] [30] [31] Although E/eЈ Ͼ15 is considered the best Doppler predictor of increased LV filling pressure, 12, 13 few studies have assessed postoperative outcomes of patients with preoperatively increased E/eЈ. 6, 7, 24 We have shown here that preoperative E/eЈ Ͼ15 was associated with increased 30-day and 1-yr cardiovascular risks in patients undergoing OPCAB, even after adjustment for confounders. Postoperative extubation time, ICU stay, and hospital stay were longer in patients with E/eЈ ratio more than 15 than in those with E/eЈ ratio Յ15, results consistent with those of recent studies assessing the relationship between preoperative increased E/eЈ and adverse outcomes of cardiac surgery. 6, 7, 24 For example, evaluation of the relationship between preoperative E/eЈ value and intraoperative hemodynamic changes and postoperative outcomes in 50 patients with preserved systolic LV function undergoing OPCAB found that, compared with patients with Odds ratios and hazard ratios are for the E/eЈ Ͼ15 group relative to the E/eЈ Յ15 group. * Odds ratios are adjusted for LVEF; body mass index, left main disease, smoking, preoperative medication (␤-blocker), number of grafted vessels, and operation time. † Hazard ratios are adjusted for LVEF; peripheral vascular disease, left main disease, and number of grafted vessels. CI ϭ confidence interval; E/eЈ ϭ ratio of early transmitral flow velocity to early diastolic mitral annulus velocity; IPTW ϭ inverse probability of treatment weighting; LVEF ϭ left ventricular ejection fraction; MACE ϭ major adverse cardiac event.
Fig. 2.
One-year major adverse cardiac event (MACE) free survival in patients with left ventricular ejection fraction (LVEF) Ն 50% and LVEF Ͻ50% undergone off-pump bypass graft as stratified by E/eЈ cutoff of 15. There was significantly lower 1-yr MACE free survival rate in patients with E/eЈ Ͼ15 compared with patients with E/eЈ Յ15 among both subjects with LVEF Ն50% (A) and subjects with LVEF Ͻ50% (B).
E/eЈ Ͻ8, patients with E/eЈ Ͼ15 were more likely to develop a significant reduction in cardiac index and mixed venous oxygen saturation during grafting. 6 These values did not return to baseline levels after the completion of grafting and required significantly larger amounts of norepinephrine to maintain mean arterial pressure during surgery, a longer time to extubation, and a longer length of stay in the ICU. 6 Similarly, multivariate analysis of the relationship between preoperative E/eЈ and postoperative adverse outcomes in 210 patients who underwent isolated aortic valve replacement showed that, after adjustment for confounders, E/eЈ Ͼ12 was associated with an increase in midterm postoperative cardiovascular events, including heart failure, embolic cerebral infarction, and cardiac death (HR 40.8; 95% CI 39.0 -41.68; P Ͻ 0.001). 7 Furthermore, multivariate analysis of the prognostic value of E/eЈ, obtained by transesophageal echocardiography before surgical repair, on early morbid events in 205 patients undergoing cardiac surgery found that, after adjusting for confounders, increased E/eЈ (Ն8) was significantly associated with prolonged ICU stay and the need for inotropic support. 24 Consistent with these findings, our results indicate that preoperatively increased E/eЈ is an important risk factor for short-and intermediate-term cardiovascular complications in patients undergoing OPCAB.
LV systolic function is a major prognostic marker for adverse events after OPCAB, and patients with preserved LV systolic function are usually considered at low risk for these adverse events. 32 Our findings, however, suggest that E/eЈ may provide additional prognostic information, especially in patients with preserved LV systolic function. This finding is consistent with those of previous studies, which found that, in patients with acute myocardial infarction and unoperated severe aortic stenosis, E/eЈ was a significant predictor of adverse outcomes, independent of LVEF, and was the echocardiographic parameter most predictive of increased cardiac risk. 4, 14 In contrast to previous studies, which showed that perioperative treatment with ␤-blockers had a cardioprotective effect, we found that preoperative treatment with ␤-blockers was significantly associated with increased 30-day MACE. 33, 34 The beneficial effects of ␤-blocker on postoperative outcomes, however, may depend on their pattern of perioperative administration or intraoperative hemoglobin concentration. 35, 36 Perioperative withdrawal from ␤-blockers or surgical anemia in patients being treated with ␤-blockers may increase the risks of postoperative cardiac morbidity and mortality, thus explaining our finding that preoperative ␤-blocker therapy had harmful effects on 30-day cardiac morbidity and mortality. Unfortunately, however, our database contains no information on the pattern of use or dosage of perioperative ␤-blockers or on intraoperative hemoglobin concentration. Therefore, it is necessary to investigate the relationship among these confounding factors, preoperative ␤-blocker therapy, and postoperative outcomes.
Increased LV filling pressure, as shown by E/eЈ Ͼ15, may predispose patients to MACE after OPCAB for several reasons. First, increased LV filling pressure is usually related to LV pressure overload, which predisposes to ventricular remodeling, cardiac neurohormonal activation, systemic inflammation, and increased excitability, all of which would be expected to adversely affect patient outcomes. 3, [37] [38] [39] [40] Second, patients with increased LV filling pressure commonly have increased myocardial wall stress, which may precipitate energy imbalance and myocardial ischemia, 37 making these patients susceptible to perioperative myocardial damage. In addition, even if systolic function is normal, the cardiovascular systems of patients with increased LV filling pressure are more sensitive to acute changes in perioperative loading conditions. This may make them more prone to the development of hypovolemia, which can cause tachycardia with a concomitant reduction in coronary perfusion, leading to further myocardial damage during OPCAB. 41 Third, exposure of the grafting site and facilitation of coronary anastomosis during OPCAB require displacement of the heart and compression of the myocardial wall, resulting in significant hemodynamic consequences due primarily to impaired filling and diastolic dysfunction of the right and left ventricles. 8, 10 Although these hemodynamic disturbances are usually transient and well tolerated, patients with preexisting increased LV filling pressure are more likely to develop significant hemodynamic instabilities, which may further aggravate myocardial injury during grafting. 6 This study had several limitations. First, it was a nonrandomized, observational study. We considered many variables thought to affect outcome because observational studies with adequate multivariate analysis can provide valuable information. Nevertheless, because multivariate analysis cannot consider all factors, other hidden factors in patients undergoing OPCAB may have influenced our results. In addition, although subgroup analyses can provide valuable information, this approach was associated with some caveats, such as the occurrence of false-positive or false-negative effects, chance differences in observed effects, lack of power to perform the analysis, and issues relating to multiple statistical testing. 42 These results therefore need to be interpreted with caution. Second, although we discussed a possible relationship between hemodynamic disturbances and increased LV filling pressure, the exact intraoperative hemodynamic information on our study population was not available. Therefore, further studies are warranted to determine whether increased LV filling pressure, as assessed by E/eЈ ratio, is associated with intraoperative hemodynamic instability and whether E/eЈ ratio can provide additional information to intraoperative hemodynamic variables. Third, all echocardiographic data were acquired by several sonographers and cardiologists. Thus, we cannot exclude some interobserver variability in echocardiographic data that may have confounded our results. Fourth, although eЈ is associated with global LV diastolic filling pattern, it is a regional index. Therefore, the E/eЈ ratio may be influenced by regional wall motion abnormalities at the Doppler sampling site. Because only septal mitral annular velocity has been routinely measured in our hospital, our Doppler tissue imaging measurements were limited, being only at the septal site. Thus, our results may not be generalized to Doppler tissue PERIOPERATIVE MEDICINE imaging values obtained from the lateral mitral annulus, which may provide additional information. 31, 43, 44 Because eЈ obtained from the lateral mitral annulus tends to be higher and lateral E/eЈ tends to be lower than those from septal mitral annulus, different cutoff values need to be applied on the basis of eЈ location. 11, 12, 43 In addition, we cannot exclude the possibility that the septal E/eЈ ratio may have been affected by tethering to the right ventricle and other structures in the middle of the heart. Thus, these data should be interpreted with caution. Finally, like other Doppler, clinical, and hemodynamic variables, E/eЈ reflects LV filling pressures at the time of measurement, which may be affected by a variety of factors, including administration of drug or loading condition during the perioperative period. In addition, although E/eЈ is the Doppler parameter most prognostic in patients undergoing OPCAB, a single measurement alone may not provide maximal prognostic information.
Conclusions
We found that patients with E/eЈ Ͼ15 were at significantly greater risk of 30-day and 1-yr MACE, independent of LVEF, than patients with E/eЈ Յ15. Our findings suggest that E/eЈ ratio may provide additional prognostic information over baseline systolic function in patients undergoing OPCAB. Therefore, measurements of E/eЈ may assist in preoperative risk stratification of patients in this setting.
